Forested landscapes support a diversity of ecological processes and organisms having direct value to society. Assessments placing monetary value on forest processes and organisms can help inform management actions affecting these ecosystem services. The temperate rain forest ecoregion along the west coast of North America is home to five species of Pacific salmon Oncorhynchus spp. that support subsistence, personal-use, sport, and commercial fisheries. This study aimed to quantify the number and monetary value of commercially caught Pacific salmon originating from Alaska's Tongass and Chugach national forests, two adjacent national forests containing some of the world's largest remaining tracts of intact temperate rain forest. The proportion of commercially harvested wild Pacific salmon originating from streams and lakes within national forest boundaries was estimated by subtracting hatchery salmon and salmon originating outside national forest areas from the total commercial catch. The Tongass and Chugach national forests were major contributors to the overall number and value of commercially caught Pacific salmon in southeastern and southcentral Alaska. From 2007 to 2016 these national forests contributed an average of 48 million Pacific salmon annually to commercial fisheries, with a dockside value averaging US$88 million (inflation adjusted to the base year 2017). These "forest fish" represented 25% of Alaska's commercial Pacific salmon catch for this time period and 16% of the total commercial value. These findings emphasize the importance of Alaska's forest rivers and lakes for sustaining Pacific salmon and can contribute to discussions about alternative land management strategies that might impact Pacific salmon populations and associated commercial salmon fisheries.
Forest lands support multiple ecological processes and diverse assemblages of organisms that have direct and indirect value to society (Godoy and Bawa 1993; de Groot et al. 2002; Penaluna et al. 2017) . Clean water, clean air, carbon sequestration, animal viewing, hiking, hunting, and fishing are just a few of the services that forests provide (Brown et al. 2007 ). These goods and services are frequently considered to be "free" (de Groot et al. 2002) . Indeed, services such as clean water and air can be provided at essentially no cost by functioning forests. However, degradation of forests may diminish the capacity of these ecosystems to provide desired services, which can result in negative impacts to society (Stanturf et al. 2014) . For example, deforestation of the Amazon has been thought to contribute to reduced precipitation (Malhi et al. 2008; Zemp et al. 2017 ) and associated water shortages in Brazilian cities (Malhi et al. 2008 ). In our current society, where decisions are frequently driven by economic pressures, managing forest lands to support diverse values can be informed by quantifying the monetary value of these "free" goods and services (Norberg 1999; Knowler et al. 2003) .
Pacific salmon Oncorhynchus spp. are a good example of organisms that provide direct services to humans in the form of food but that have also been adversely affected by forest management practices (Everest and Meehan 1981; Nehlsen et al. 1991; Lichatowich 2001) . The Pacific Northwest of the United States once supported the largest Pacific salmon runs and associated fisheries in the world (National Research Council 1996; Gustafson et al. 2007 ). However, within a century of European colonization many of these runs were critically imperiled, due in part to logging activities that deteriorated freshwater spawning and rearing habitat (Lichatowich 2001; Lackey 2003) . This legacy of forest management-combined with dam construction, overharvest, mining, and urbanization-has resulted in billions spent on hatcheries and other restoration actions aimed at maintaining recreational, commercial, and subsistence fisheries that were once provided by intact ecosystems (Levin et al. 2001; Lackey et al. 2006 ). Both the United States and Canada now have policies and laws in place to protect wild Pacific salmon, such as requirements for tree buffers along streams and water quality standards (Budd et al. 1987; Richardson et al. 2012 ). Nevertheless, strong economic pressures still exist that may be at odds with maintaining healthy Pacific salmon habitat, such as intensive timber harvest, mining, and urbanization. Weighing the economic costs and benefits of these activities requires accounting for the value of forest resources-such as Pacific salmon-that might be negatively impacted by development or resource extraction.
Perhaps the largest and most productive "salmon forests" in the world are in Alaska (Baker et al. 1996; Halupka et al. 2000) . The Tongass and Chugach national forests in southeastern and southcentral Alaska ( Figure 1 ) represent some of the largest tracts of intact rain forest in the world (Orians and Schoen 2017) , and these forests support productive Pacific salmon fisheries. In southeastern Alaska, for instance, commercial fishing and seafood processing is the largest private-sector industry, accounting for 15% of regional employment (McDowell Group 2017) . Many of the ocean-caught Pacific salmon that support the fishing industry likely began their lives in forest streams that drain the Tongass and Chugach national forests. Like other forests, these forests-particularly the Tongasshave historically been valued for timber production (Durbin 1999) . However, given the importance of Pacific salmon fisheries to Alaska's economy and culture, understanding and quantifying the economic value of salmon that originate from the Tongass and Chugach national forests is also critical (Gillespie et al. 2018) .
Our goal was to quantify the monetary value of commercially harvested Pacific salmon from Alaska's national forest lands. Specifically, this study addressed three questions:
1. How many commercially caught Pacific salmon in southeastern and southcentral Alaska originate from lakes, rivers, and streams in the Tongass and Chugach national forests? 2. What is the monetary value of these "forest fish" to commercial fisheries? 3. What proportion of Alaska's commercial Pacific salmon harvest originates from Alaska national forest lands?
This information can be used to weigh management decisions that may adversely impact Pacific salmon, as well as those management actions (e.g., habitat restoration) aimed at improving habitat and restoring functions critical to freshwater salmon productivity. While subsistence, sport, and personal-use fisheries are not included here, estimating the monetary value of commercial fisheries is an important first step towards a more comprehensive socioeconomic valuation of national forests for fisheries production.
METHODS
Study areas.-The Tongass and Chugach national forests are the first and second largest national forests in the United States, with a total area of approximately 97,000 km 2 (Figure 1 ). The Tongass National Forest covers most of southeastern Alaska and the Alexander Archipelago (69,000 km 2 ). The Chugach National Forest (28,000 km 2 ) covers the Copper River delta, Prince William Sound, and part of the Kenai Peninsula. Most of the Tongass and Chugach national forests lie within the temperate rain forest ecoregion and have high levels of precipitation (1,500-5,000 mm on the Tongass and 500-6,000 mm on the Chugach; University of Alaska Fairbanks 2015). This precipitation feeds into streams, rivers, and lakes, supporting five species of commercially important Pacific salmon: Chinook Salmon Oncorhynchus tshawytscha, Coho Salmon O. kisutch, Sockeye Salmon O. nerka, Pink Salmon O. gorbuscha, and Chum Salmon O. keta. generally surpassed 100 million fish per year, with an annual value surpassing US$225 million (Conrad and Gray 2017; Russell et al. 2017) . The Pacific salmon caught in these fisheries, however, do not all originate from national forest lands, and depending on the species and region, a large proportion of the fish may originate either from hatcheries or from lands outside Alaska's national forest boundaries. For instance, there are 21 hatchery facilities adjacent to the Tongass and Chugach national forests (Stopha 2017) , which produce large numbers of Pacific salmon-primarily Chum Salmon and Pink Salmon-that are harvested in commercial fisheries.
Value assessment approach.-A simple set of calculations was made to estimate the number and monetary value of Pacific salmon originating from the Tongass and Chugach national forests that are harvested in commercial Pacific salmon fisheries. We define "originating from" as those Pacific salmon that emerged from stream gravels within Tongass or Chugach National Forest boundaries.
Our approach began by obtaining estimates of the total annual commercial Pacific salmon harvest (TotalHarvest) from Commercial Fishing Management Areas adjacent to national forest lands (see Figures 1, 2) . These values were then corrected to remove Pacific salmon not originating from either the Tongass or Chugach national forests, as follows:
where ForestFish i represents the number of Pacific salmon of species i originating from national forest lands, PropHatchery i is the proportion of Alaska hatchery-produced Pacific salmon in the commercial harvest, and PropOutside i is the proportion of Pacific salmon that originate from streams, rivers, and hatcheries outside Alaska national forest lands. Once the number of Pacific salmon originating from Alaska's national forest lands Figure 1 ). We then adjusted commercial Pacific salmon harvest numbers (TotalCatch i ) for these management areas using equation (1).
The proportion of the commercial Pacific salmon harvest that was of hatchery origin (PropHatchery i ) was determined from queries of ADFG databases with interpretation by ADFG fish biologists for 2006-2017 and other relevant references (Mark Stopha, Assistant Coordinator, Private Nonprofit Hatchery Program; Table 1 ; Supplement B available in the online version of the article). Most Alaska hatcheries thermally mark, chemically mark, or coded-wire-tag juvenile fish (ADFG 2007-2016a; see also Volk et al. 1999 ) as a means for ADFG to apportion hatchery harvest by origin. Estimates of commercially harvested, hatchery-origin fish were used in the calculation of nonforest fish for Chinook, Coho, Sockeye, Pink, and Chum salmons. Hatchery proportions included Pacific salmon harvested for hatchery brood stock and cost recovery (i.e., Pacific salmon harvested to pay for hatchery operations), as well as commercial common property fishery harvests.
The proportion of Pacific salmon that originated outside of national forest lands (PropOutside i ; Table 1 ) was estimated via two different approaches. In the Central Region (Prince William Sound and a portion of the Cook Inlet subregions), the proportion of Pacific salmon that did not originate from the Chugach National Forest was evaluated using the Alaska Anadromous Waters Catalog (AWC; Johnson and Blossom 2017; ADFG 2018b) . We used the AWC to calculate the proportion of documented spawning habitat located outside Chugach National Forest boundaries. It was assumed that the proportion of spawning habitat outside of Chugach National Forest lands represented the fraction of Pacific salmon harvested from nearby fisheries that did not originate from neighboring national forest lands. It is important to note this approach assumes that all documented Pacific salmon streams produce the same number of salmon per unit distance of cataloged spawning habitat; we assumed this to be a reasonable assumption when averaging across the entire region. For the Southeast Region (Southeastern and Yakutat subregions), calculations using the AWC were not To understand how uncertainty in PropOutside i and PropHatchery i might influence our estimates, we conducted an uncertainty analysis (Manly 2007) . To do this we assumed that the true value for each proportion was plus or minus 10% of the estimated value. For example, in 2016 we estimated that 64% of Sockeye Salmon caught in southeastern Alaska were progeny of fish that spawned outside of national forest lands, with an associated uncertainty range of 54-74%. When proportions were less than 10% or greater than 90%, the uncertainty range was capped at 0% and 100%, respectively. These ranges represent the general magnitude of uncertainty we expected in our proportions (which in some cases were coarse) and, thus, provided a reasonable assessment of how this uncertainty affects our estimates. We used these ranges to calculate 1,000 separate estimates of the total number and monetary value of Pacific salmon from national forest lands, whereby we randomly selected values of PropOutside i and PropHatchery i within the specified range assuming a uniform distribution. We used these 1,000 separate estimates to create uncertainty ranges for the total number and monetary value of Pacific salmon from the Tongass and Chugach national forests. Reported uncertainty values represent the 2.5 and 97.5 percentile values of the 1,000 estimates (i.e., 95% of the 1,000 estimates of fish number and value lie within between these values).
RESULTS
Total Pacific salmon harvests from Commercial Salmon Management Areas adjacent to the national forest lands totaled nearly 110 million fish annually, from 2007 to 2016 (Figure 2 ). During the 10-year study period, >70% of the harvest was Pink Salmon in both regions. Of the remaining Pacific salmon, on average, <20% was Chum Salmon (19% from Southeast Region, 5% from Prince William Sound subregion), <5% was Coho Salmon, <5% was Sockeye Salmon, and <1% was Chinook Salmon.
For the 10-year study period, the Tongass and Chugach national forests contributed, on average, approximately 44% of the Pacific salmon harvested from these Commercial Salmon Management Areas. From 2007 to 2016, an average of 48 million Pacific salmon originating (i.e., emerged as fry) from the Tongass and Chugach national forests were caught annually in Alaskan commercial Pacific salmon fisheries ( Figure 3A; see Supplement B ). In our uncertainty analysis, average forest contributions to commercial fisheries ranged between 35 to 53 million Pacific salmon annually for the 10-year study period, or approximately ±25% of our reported value (assuming 10% uncertainty in value of the proportions used to calculate our estimate; see Supplement C available in the online version 
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of the article for annual values of uncertainty for 2007-2016). On average, these Pacific salmon had a dockside value of $88 million ( Figure 3B) , with an average annual uncertainty range of $63 to $98 million for the 10-year study period (Supplement C). Compared to the statewide commercial Pacific salmon harvest for 2007 to 2016, these "forest fish" represented, on average, approximately 25% of Alaska's total commercial Pacific salmon harvest number and 16% of the total value. There were significant differences in the commercial harvest and value of Pacific salmon originating from the Tongass and Chugach national forests (Figure 3) . Although the total commercial harvest in marine environments adjacent to the Tongass and Chugach national forests was similar (Figure 2) , a much greater proportion of regional commercial Pacific salmon harvests originated from the Tongass National Forest than from the Chugach National Forest (75% average versus 13% average, respectively; Figure 4 ). This discrepancy was largely due to differences in the percentage of hatchery fish in the commercial harvests ( Figure 4 ). On average for the 10year study period, hatchery fish represented 21% of the commercial harvest in the Southeast Region (adjacent to the Tongass National Forest) but 84% of the commercial Pacific salmon harvest in the Prince William Sound subregion adjacent to the Chugach National Forest.
Although there was substantial year-to-year variation in the amount of Pacific salmon originating from the Tongass and Chugach national forests ( Figure 3A) , Pink Salmon were-by far-the most numerically dominant "forest fish" comprising the commercial Pacific salmon harvest ( Figure 5 ). On average, Pink Salmon represented approximately 91% (37 million) and 83% (6.4 million) of the total commercial harvests from the Tongass and Chugach national forests, respectively. For the Tongass National Forest, Chum Salmon averaged 3% (1.6 million), Coho Salmon averaged 4% (1.8 million) [Correction added on December 12, 2019, after first online publication: This number has been corrected.], Sockeye Salmon averaged <1% (276,000), and Chinook Salmon represented <0.1% (13,000) of commercial harvests. On the Chugach National Forest, Sockeye Salmon represented nearly 15% (922,000) of the commercial harvest, Coho Salmon averaged 4% (245,000), Chum Salmon averaged 2% (157,000), and Chinook Salmon averaged 0.01% (1,000).
From 2007 to 2016, the average Pacific salmon commercial value (in U.S. dollars) ranged from a low of $0.31 per pound for Tongass National Forest Pink Salmon to a high of $5.50 per pound for Chugach National Forest Chinook Salmon ( Figure 6 ). Average price per pound of both Chum Salmon and Coho Salmon was higher for fish from the Tongass National Forest than for those from the Chugach National Forest ($0.65 versus $0.60 and $1.23 versus $1.07, respectively). Average price per pound of Pink, Sockeye, and Chinook salmons was higher for fish MONETARY VALUE OF NATIONAL FORESTS TO FISHERIES from the Chugach National Forest than for those from the Tongass National Forest ($0.33 versus $0.31, $1.90 versus $1.34, $5.50 versus $4.00, respectively). Pink Salmon originating from the Tongass National Forest, averaging $42 million annually for the study period, had the greatest overall value. Sockeye Salmon, averaging $10.5 million annually, had the highest total value on the Chugach National Forest (Figure 7) . On the Tongass National Forest, the value of Chum, Coho, Sockeye, and Chinook salmons averaged $8.8 million, $14.8 million, $2.2 million, and $676,000, respectively, during the 10-year study period. On the Chugach National Forest, the value of Pink, Chum, Coho, and Chinook salmons averaged $6.2 million, $694,000, $2.3 million, and $107,000, respectively.
DISCUSSION
Using 2007 to 2016 existing fisheries data, we estimated the monetary value of Alaska's national forest lands to commercial Pacific salmon fisheries. We found that the Tongass and Chugach national forests-the largest national forests in the United States-were major contributors to the overall number and value of commercially caught Pacific salmon in southeastern and southcentral Alaska. In turn, these commercial fisheries are significant contributors to community well-being and the regional economy (e.g., Smith and Clay 2010; TCW Economics 2010; ASMI 2011; Gillespie et al. 2018) . Alaska typically accounts for 12-15% of the global supply of Pacific salmon (ASMI 2011), and the Tongass and Chugach national forests, with a land area less than 100,000 km 2 , 
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contributed an estimated 25% of the state's commercial Pacific salmon harvest. These findings further emphasize the importance of forest rivers and lakes for sustaining healthy fisheries (Goulding 1980; Naiman et al. 2000; Tanentzap et al. 2014) . Our estimates of the value of Pacific salmon from the Tongass and Chugach national forests can contribute to discussions about alternative land management strategies that might adversely impact salmon populations and associated commercial fisheries (e.g., road building, mining, and logging), as well as those management strategies aimed at improving forest conditions for Pacific salmon (e.g., habitat restoration). Moreover, our estimates provide the basis for a more inclusive evaluation of the socioeconomic value of Pacific salmon from forests that include sport, personal-use, and subsistence fisheries, as well as the indirect value of these fish to local communities.
Our analysis showed that Pink Salmon and Sockeye Salmon were the highest-commercial-value Pacific salmon species originating from forest lands on the Tongass National Forest and Chugach National Forest, respectively. The high value of Pink Salmon from the Tongass National Forest resulted from their numerical abundance. Despite their small size and lower price per pound, Pink Salmon were over an order of magnitude more abundant in the commercial catch than any other Pacific salmon species. Relative to Chinook Salmon, for instance, Pink Salmon were one-quarter the size, one-third the value, but 100 times more numerous. Pink Salmon also dominated commercial Pacific salmon harvests from the Chugach National Forest during the 10-year study period; however, Sockeye Salmon had a higher overall value due to the greater weight and higher price per pound of Sockeye Salmon relative to Pink Salmon (10-year average of $0.33 versus $1.90 per pound). Nevertheless, Pink Salmon were still the highest-value Pacific salmon derived from both national forests combined because of the total weight of the catch. That said, it is important to acknowledge that Chinook, Sockeye, and Coho salmons are more important for sport, subsistence, and personal-use fisheries (e.g., Jennings et al. 2007; Conitz 2008) because they are preferred and targeted by these user groups.
This study helped to clarify the magnitude of hatchery Pacific salmon harvests adjacent to national forest lands, particularly in the commercial fishing region adjacent to the Chugach National Forest, where hatchery fish comprised, on average, over 84% of the commercial harvest (versus 21% adjacent to the Tongass National Forest) for the study period. Hatcheries were established in the 1970s to rehabilitate depleted Pacific salmon fisheries. That said, concerns about hatchery effects on wild Pacific salmon populations are rising, warranting further review of multiple ecological and genetic interactions associated with hatcheries (Evenson et al. 2018) . The concerns include the impacts of hatchery strays on wild stock population structure and productivity (Gorman et al. 2018) , competition between hatchery-and wild-origin juvenile Pacific salmon and resulting density-dependent effects (Holt et al. 2008; Ruggerone et al. 2012; Lewis et al. 2015; Sergeant et al. 2017) , and complications for wild-stock fisheries management (Evenson et al. 2018) . Despite concerns about the potential effects of hatchery fish on wild fish, from a commercial fishery perspective, hatchery and wild fish are generally indistinguishable and thus have the same monetary value.
Despite their value, Pacific salmon are susceptible to the economic pressures of resource extraction (e.g., logging, mining; Beschta et al. 1987; Baker and McLelland 2003; Crone 2005; Scannell 2012) and development (e.g., dam construction, urbanization; Taylor 2002) . These activities have contributed to the loss of populations of Atlantic Salmon Salmo salar across most of their historic range, as well as dramatic declines in Pacific salmon-particularly in the contiguous USA (California, Oregon, and Washington) (Nehlsen et al. 1991; Lichatowich 2001; Montgomery 2003) . Although Alaskan Pacific salmon populations remain relatively healthy, these populations are susceptible to the same set of factors that have led to declines in other regions (Schoen et al. 2017) . Moreover, these populations will have to contend with rapid environmental changes associated with climate change, which may negatively impact the capacity for forest streams to sustain Pacific salmon via a variety of mechanisms (Bryant 2009; Shanley and Albert 2014; Sergeant et al. 2017; Sloat et al. 2017) . Our findings illustrate that reductions in the capacity of forest streams to produce Pacific salmon could have consequences for commercial fisheries, as well as the regional economy.
We acknowledge that assessing the number and value of Pacific salmon from national forests to commercial salmon fisheries required making numerous assumptions about the proportion of hatchery-origin fish, as well as fish that emerged from streams outside national forest boundaries. Our analysis would no doubt benefit from a more robust examination of these assumptions. In particular, better evaluation of the proportion of Pacific salmon harvests that did not originate from national forest lands (PropOutside i ) would improve our estimates. Nevertheless, our uncertainty analysis suggested that even relatively substantial changes to these proportions (±10%) do not dramatically modify our overall findings. Moreover, because our analysis was restricted to Pacific salmon that originated-i.e., emerged from the gravel as fry-on national forest lands, our estimates of Pacific salmon number and value from national forests to the commercial fishery could be considered conservative. Our estimates do not account for the numerous pathways by which forests support Pacific salmon. For instance, Pacific salmon fry that emerge upstream of national forest lands (e.g., in MONETARY VALUE OF NATIONAL FORESTS TO FISHERIES transboundary rivers and large watersheds like the Copper River) will migrate downstream and may utilize rivers, lakes, and estuaries within national forest boundaries for rearing (e.g., Murphy et al. 1997) . Streams and rivers in southeastern and southcentral Alaska also contribute massive fluxes of nutrients, organic matter, and organisms to the marine environment that may support ocean Pacific salmon productivity via numerous energetic pathways (Tanentzap et al. 2014; O'Neel et al. 2015; Whitney et al. 2018) . Finally, and perhaps most importantly, our study does not account for subsistence, personal-use, and sport fisheries, which are extremely valuable to local communities, the regional economy, and the Alaskan way of life (TWC Economics 2010).
Management Implications and Conclusions
These analyses can be updated into the future to track changes in the number and value of forest salmon caught in the commercial fishery. In turn, this information can be used to communicate the value of Alaska's national forests for fish production and can contribute to discussions about management decisions that might influence the capacity of these forests to sustain Pacific salmon in the future. Furthermore, this study provides a starting point for more extensive analyses of salmon production from Alaska's national forest lands. Next steps could include further assessment of the value of sport, personal-use, and subsistence fisheries as well as the nonmonetary value of Pacific salmon to communities and culture. Additional research is needed to understand the mechanistic pathways by which forests support Pacific salmon production. In particular, food web studies are needed that illuminate the flows of energy and nutrients from forests to fish (e.g., Wipfli and Baxter 2010; Tanentzap et al. 2014; Rine et al. 2016 ). For example, in an Amazonian river, Correa and Winemiller (2014) found that both forest plant material and insects from the forest canopy were major contributors to fish diets. By understanding how forest streams support fish production, a value can be placed on the intermediate ecosystem goods and services (Boyd and Banzhaf 2007) , such as aquatic macroinvertebrate diversity (Daniels et al. 2019) , that are important for sustaining forest fishes.
We illustrate that Pacific salmon that originate from Alaska's national forests represent a substantial proportion of the number and value of Pacific salmon harvested in regional commercial fisheries. The Alaska salmon industry harvests enough Pacific salmon to feed every human on the globe at least one salmon meal per year (McDowell Group 2017) , and our analysis suggests that for the 2007-2016 study period the Tongass and Chugach national forests contributed to at least 25% of this harvest. Although Pacific salmon populations are currently relatively healthy in Alaska, the forests that contribute to Pacific salmon production encounter the same threats that have led to the decline of Pacific salmon populations in other regions (e.g., habitat destruction and damming, mining, hatchery interactions, overharvest; Schoen et al. 2017) . Moreover, ongoing climate change has the potential to significantly affect freshwater and saltwater habitats and associated Pacific salmon populations (Mueter et al. 2002; Bryant 2009; Brander 2010; Johnson et al. 2019) . Maintaining the capacity for these and other forests to support healthy Pacific salmon will require adaptive learning and preserving the processes that create habitat complexity, including natural disturbances such as floods and landslides (Reeves et al. 1995; Johnson et al. 2000; Benda et al. 2003 Benda et al. , 2004 Miller and Burnett 2008) , factors promoting a diversity of Pacific salmon species and life histories that may be necessary to maintain productive and adaptive Pacific salmon populations in a changing world (Schindler et al. 2003; Moore et al. 2010; Schoen et al. 2017 ).
